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(54) DATA TRANSMITTER-RECEIVER AND DATA TRANSFER SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the transmission 
efficiency by reducing the number of bits of a time stamp. 
SOLUTION: A network 10 is configured to transfer an 
isochronous packet without fail during transmission cycle 
started by a cycle start signal generated in response to a 
1st timing signal for a period of 125p,sec. A transmission 
station 1 2 generates an isochronous packet formed by 
adding a time stamp corresponding to a difference time 
between the 1st timing signal and the sampling timing to 
data obtained by sampling an analog signal in a prescribed 
sampling timing and the packet is written in a transmitter 
side FIFO with the 1 st timing signal and sent to the network 
1 0 from the FIFO by the cycle start signal. A reception 
station 1 3 writes the received packet to the receiver side 
FIFO with the cycle start signal and read from the FIFO 
with the 1st timing signal and the analog signal is 
reproduced on a time base. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the difference from the 1st timing signal which has a fixed period - the transmit data to which 
the time stump with which it was expressed as data was added It is based on the 2nd timing signal 
generated according to the 1st timing signal of the above. Are the data source sent out on a network and 
it has a FIFO buffer. The data source characterized by writing the aforementioned transmit data in the 
aforementioned FIFO buffer based on the 1st timing signal of the above, taking out the aforementioned 
transmit data from the aforementioned FIFO buffer based on the 2nd timing signal of the above, and 
transmitting on a network. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the data transmitter-receiver 
which transmits the data with which the time stump was added via the network, and a data transfer 

system. 
[0002] 

[Description of the Prior Art] There are a synchronous transmission method with which a transmitting 
side and a receiving side transmit the signal of the same period continuously as a method which 
transmits data via a network, start-stop system communication which transmits the unit of the defined 
information which is an intermittent time interval, and the isochronous (Isochronous) transmittal mode 
positioned in these middle. According to this isochronous transmittal mode, it becomes possible to 
perform high data transfer of the real time nature to which the band was beforehand secured to and time 
delay was guaranteed. 

[0003] This isochronous transmittal mode is explained with reference to drawing 7 . What was shown in 
this drawing is what showed the example of arrangement of the packet on the bus in the system called 
IEEE 1394 high-speed serial bus, and three kinds of packets, the cycle-start packet 101, an isochronous 
packet 102, and the asynchronous (asynchronous) packet 103, are arranged on the network. Moreover, 
the dashed line shows the 1st timing signal (cycle synch) made into criteria in this system, and this 1st 
timing signal is made into the signal of 125microsec period (8kHz). 

[0004] The aforementioned cycle-start packet 101 is a packet sent out from the node called cycle master 
among two or more nodes connected to this bus, and a new transmission cycle is started by this cycle- 
start packet 101 . Although the aforementioned cycle master has the precise source of a clock and it is 
going to transmit the aforementioned cycle-start packet 101 by the time interval of the 1st timing signal 
of the above from this source of a clock, while a transfer of otiier packets is advancing then, 
transmission of the aforementioned cycle-start packet 101 is made as [ keep / waiting ] until the transfer 
is completed. 104 shows this time delay (start delay), it encodes in the aforementioned cycle-start packet 
101, and this time delay is sent out to each node. In addition, it is guaranteed that the packet transmitted 
from the aforementioned node is received by other nodes within the same clock period. 
[0005] Each node is equipped with the 32-bit cycle-timer register, respectively. Using 12 bits of the low 
rank, each cycle-timer register makes 3072 law, carries out counting of the 24.576MHz clock signal 
(40.7ns of periods) which is the reference clock of a system, performs coxmting of a 8 
aforementionedkHz criteria cycle by 13 bits of the high order, and is made as [ carry out / counting of 
the second / by 7 bits of the most significant ]. And the aforementioned cycle master makes the content 
of the cycle-timer register of self copy to the cycle-timer register of all nodes using the aforementioned 
cycle-start packet 101, and synchronizes all nodes within fixed phase contrast. Thus, common time base 
is guaranteed in this network. 

[0006] It is the channel used in order for an isochronous packet 102 to make the data which need 
"precise refer to [ of a digital sound, video, or performance data ] the timing" transmit, and it is 
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guaranteed that these isochronous packets 102 are surely transmitted in each transmission cycle. 
Moreover, the aforementioned asynchronous packet 103 is a packet transmitted asynchronously, when 
idle time is in the transmission cycle concerned, after transmission of the aforementioned isochronous 
packet 102 is completed. 

[0007] Now, using the network of these various kinds, when transmitting time series data, such as voice 
data, image data, or performance data, it sets. When the transmission path is not made into the perfect 
synchronous transmission method In order to guarantee the repeatability on the time-axis of the data 
transmitted, when the time stump in which the time when the data should be reproduced is shown is 
added to the data itself, it transmits to it and it reaches at the time concemed with reference to the time 
stump in a receiving side, reproducing the data concemed is performed. 
[0008] 

[Problem(s) to be Solved by the Invention] As a time stump used on such a network, you must be what 
can recognize time uniquely. That is, the repeat period more than the time width of face considered to be 
to some extent appropriate will be needed for a time stump, and, for that, many amount of information 
will be needed. When it expresses information with digital representation, many amount of information 
will need many amount of information, i.e., many numbers of bits, in order to raise the time resolution 
of the hour entry specified with a time stump since it is equivalent to many numbers of bits. For 
example, when aforementioned drawing 7 was explained, the time stump of 32 bit length was used. 
[0009] Furthermore, it is necessary to send the time stump information other than data for every 
predetermined period, and the rate over the transmit data of time stump information has a small 
desirable thing in the transmission system of a type which adds the above time stumps and transmits 
data. However, as mentioned above, for reservation of the uniqueness of the time expressed by the time 
stump, or improvement in a time resolution, the number of bits of a time stump became large, and there 
was a trouble that data transmission efficiency will fall. 

[0010] Then, this invention aims at reducing the number of bits of a time stump and improving data 
transmission efficiency by adding a time stump to data and transmitting to them in the data transfer 
system which enabled it to aim at reappearance on the time-axis of the data transmitted. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the data source of this 
invention the difference from the 1st timing signal which has a fixed period - the transmit data to which 
the time stump with which it was expressed as data was added It is based on the 2nd timing signal 
generated according to the 1st timing signal of the above. Are the data source sent out on a network and 
it has a FIFO buffer. Based on the 1st timing signal of the above, the aforementioned transmit data is 
written in the aforementioned FIFO buffer, the aforementioned transmit data is taken out from the 
aforementioned FIFO buffer based on the 2nd timing signal of the above, and it transmits on a network. 
[0012] The time stump with which it was expressed as data is added, moreover, the difference from the 
1st timing signal which has a period with the fixed data sink of this invention ~ It is the data sink which 
receives the data transmitted on the network based on the 2nd timing signal generated according to the 
1st timing signal of the above. Have a FIFO buffer and the aforementioned data received from the 
aforementioned network are written in the aforementioned FIFO buffer based on the 2nd timing signal 
of the above. Based on the 1st timing signal of the above, data are taken out from the aforementioned 
FIFO buffer, and the data concemed are reproduced on a time-axis based on the aforementioned time 
stump. 

[0013] Further again the data transfer system of this invention It is the data transfer system by which the 
data transfer on a network is controlled based on the 2nd timing signal generated according to the 1st 
timing signal which has the data source and a data sink and has a fixed period. The time stump with 
which it was expressed as data is added to transmit data, the aforementioned data source — the difference 
from the 1st timing signal of the above - The transmit data to which the aforementioned time stump was 
added is written in the 1st FIFO buffer based on the 1st timing signal of the above. Based on the 2nd 
timing signal of the above, the aforementioned transmit data is taken out from the 1st FIFO buffer of the 
above, and it transmits on a network, the aforementioned data sink The data transmitted on the 
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aforementioned network based on the 2nd timing signal of the above are written in the 2nd FIFO buffer. 
The data received from the 2nd FIFO buffer of the above based on the 1st timing signal of the above are 
taken out, and the data concerned are reproduced on a time-axis based on the aforementioned time 
stump. 
[0014] 

[Embodiments of the Invention] Drawing 1 is the block diagram showing an example of the data transfer 
structure of a system of this invention. In this drawing, 10 is the aforementioned network and can 
perform the isochronous transfer shown in aforementioned drawing 7 . Moreover, it is the sending 
station which transmits the time series data for which 1 1-13 are examples of each node connected to this 
network 10, and to reproduce 12 on a time-axis is needed, for example, is sound-source equipment 
which sends out a musical-sound wave signal. Moreover, 13 is a receiving station which receives the 
aforementioned time series data, for example, is a mixer which mixes the aforementioned musical-sound 
wave signal. From this sending station 12, time series data, such as a musical-sound data point sampled 
by predetermined sampling timing, add a time stump, and are transmitted, and the aforementioned 
receiving station 13 reproduces a musical-sound data point to the timing which received the data and 
was specified by the aforementioned time stump. In addition, the node of two or more others is also 
connected to this network 10, and it has become the cycle master (cycle-start packet sending-out office) 
which the other offices 1 1 mentioned above. 

[0015] Drawing 2 is the block diagram showing an example of the internal configuration of each 
aforementioned nodes 11-13, and the network interface circuit for connecting to the aforementioned 
network 10 ROM [ central processing unit / (CPU) ] in which 21 is stored in and, as for 22, a program of 
operation and various data are stored, RAM for which 23 is used as a working area etc., the timer with 
which 24 generates various timing signals including the aforementioned cycle-timer register, and 26, 
and 27 are internal buses. Moreover, 25 is made into a data generation circuit, when it is data use / 
generation circuit and this node is a sending station 12, and when it is a receiving station 13, let it be a 
data use circuit. 

[0016] Drawing 3 is a functional block diagram for explaining data transfer operation in the 
aforementioned sending station 12 and the aforementioned receiving station 13. (a) of drawing 3 is the 
block diagram showing the fimction of the aforementioned sending station 12. In this drawing, 31 is a 
data generation circuit and generates the transmitting packet of an isochronous channel for every 
aforementioned criteria period of 125microsec with the data which consist of two or more musical- 
sound samples sampled by the predetermined sampling period, and the time stump given to these data. 
The data buffer for 32 storing the packet generated by the aforementioned data generation circuit 31, 
The standby buffer of FIFO (First In First Out) composition with which the packet by which 33 was 
stored in the aforementioned data buffer 32 is written in according to the output (cycle-timer output) 
from the aforementioned cycle-timer register in which the 1st timing of the above is shown, It is the 
transmission buffer in which the aforementioned packet read from the aforementioned standby buffer 33 
according to the cycle-start signal generated by receiving the cycle-start packet which shows the start of 
a new transmission cycle is stored. 34 — the above — The packet stored in this transmission buffer 34 is 
sent out to the aforementioned network 10 to the timing specified to be the isochronous channel 
concemed. 

[0017] The receive buffer which (b) of drawing 3 is the functional block diagram of the aforementioned 
receiving station, and 35 receives the packet which should receive in this receiving station of the packets 
sent out on the aforementioned network, and is stored. The standby buffer of FIFO composition with 
which the packet by which 36 was stored in the aforementioned receive buffer 35 is written in according 
to the aforementioned cycle-start signal. The data buffer from which 37 reads the packet in the 
aforementioned standby buffer 36 according to the output of the cycle timer which shows the 1st timing 
of the above, 38 is a data use circuit which reproduces the data transmitted by the packet stored in the 
aforementioned data buffer 37 to the timing specified by the time stump. 

[0018] Thus, in a transmitting side, a data packet is generated corresponding to the 1st timing, and this is 
transmitted on a network with a cycle-start signal (the 2nd timing). On the other hand in a receiving side. 
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the packet transmitted according to the 2nd timing of the above will be received, and the data concemed 
will be reproduced according to the 1st timing of the above. 

[0019] Drawing 4 is drawing for explaining the transmitting packet generated in this data generation 
circuit 3 1. (a) of drawing 4 is drawing for explaining the data transmitted, for example, let it be data with 
which five discrete data 1-5 which sampled continuous ringings, such as a musical-sound wave signal, 
by the predetermined sampling period ts (ts=25(= 125/5) musec in this case), and were obtained are 
transmitted. These 1st sampling data 1 are data sampled when only time t was overdue from the 1st 
timing signal of the above, and the other sampling data 2-5 are data sampled to the timing in which only 
time to be equivalent to the multiple to which Time ts corresponds from the aforementioned time t, 
respectively was. 

[0020] Moreover, in this bus system, it considers as the reference clock frequency of phi= 24.576MHz 
(clock-period =40.7ns) of a system, and the aforementioned clock period can be expressed for the time 
position in the aforementioned 1 criteria cycle (125microsec) as a unit. That is, zero to 3071 clock can 
express the aforementioned clock period for it, being able to use the time position in the aforementioned 
1 criteria cycle as a unit. 

[0021] Then, the value which expressed the time position t in this criteria cycle of the 1st sampling data 
1 in the criteria cycle as the aforementioned time stump, and expressed the aforementioned clock period 
as a unit is used as a time stump value, and it is made to determine reproduction time about the other 
sampling data 2-5 in this invention by adding a sampling period ts one by one firom the 1st sampling 
data 1 of the above. 

[0022] The composition of the packet for transmitting such data is shown in (b) of drawing 4 . the time 
stump with which a transmitting packet expresses the aforementioned time t first as shown in this 
drawing, then the 1- each 5th sampling value is combined and constituted As mentioned above, a time 
stump is what expressed the aforementioned time t in the criteria cycle with the aforementioned number 
of system clocks, and it serves as 12-bit data in order to take the value of 0-3071. 
[0023] The composition of the time stump currently used conventionally [ aforementioned ] for 
comparison is shown in (c) of drawing 4 . Also in this case, although it consists of a time stump and 
each sampling data 1-5 Uke the packet of this invention shown in (b), let the time stump be 32-bit data. 
That is, 12 bits of the low rank show the aforementioned time t like the case of the aforementioned this 
invention, the following 13 bits show the number of the aforementioned criteria cycle, and the time 
further expressed in the second by 7 bits of the most significant is shown. Thus, since it considered as 
the time stump expressing all the absolute times currently shared between each node conventionally, it 
had become a time stump longer 20 bits than the packet of this invention shown above (b). 
[0024] Now, although the transmit data generated according to tiie 1st timing m the network system of 
this invention is sent out to the network according to the 2nd timing As mentioned above, since it may 
be generated with delay to the 1st timing of the above, the state of saying that two transmit data are 
contained in one criteria cycle determined by the 1st timing may generate the 2nd timing of tiie above. 
Also in this case, according to the data transfer system of this invention, original data are reproducible in 
a satisfactory predetermined time position. 

[0025] With reference to the timing diagram of drawing 5 , operation of the data transfer system of this 
invention is explained. In this drawing, a horizontal axis is a time-axis, and in the aforementioned data 
generation circuit 3 1 , the data which sampled the original data in the criteria cycle from time tl to t2, 
and were obtained are made into the packet 51 to which the 12-bit time stump mentioned above was 
added, and are stored in a data buffer 32. The packet 5 1 stored in this data buffer 5 1 is stored in the 
standby buffer 33 of the aforementioned FIFO composition by the cycle-timer output generated at time 
t2. 

[0026] Moreover, the packet 52 corresponding to the original data of the period of t3 is similarly 
generated from time t2, and it is stored in a data buffer 32. When time t3 comes, the aforementioned 
packet 52 is stored in the aforementioned standby buffer 33 by the aforementioned cycle-timer output. 
Since the cycle-start packet is not transmitted as mentioned above in this time t3, the aforementioned 
packet 5 1 and the packet 52 are stored in the aforementioned standby buffer 33. Here, if it is behind for a 
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while from the aforementioned time t3, a transmission cycle is started and a cycle-start packet is sent out 
so that it may illustrate, a cycle-start signal will be outputted and the aforementioned packet 5 1 will be 
transmitted to the aforementioned transmission buffer 34 from the aforementioned standby buffer 33 
according to this. The packet stored in this transmission buffer 34 will be sent out on a network 10 at the 
time corresponding to this isochronous channel in this transmission cycle. 

[0027] In illustration, this transmission cycle is started later than the criteria cycle, and it has come after 
the next criteria timing time t4 that the aforementioned packet 5 1 is sent out on a network. At this time, 
this packet will be stored after time t4 at a receive buffer 35. And if the following transmission cycle is 
started to the timing in which only time td was behind [ time t4 ] and the cycle-start packet 101 is sent 
out, thereby, the aforementioned packet 52 will be transmitted to the aforementioned transmission buffer 
34 jfrom the aforementioned standby buffer 33, and it will be sent out on a network during [ this ] the 
transmission cycle. Thus, two packets will be transmitted and received in one criteria cycle of time t4-t5. 

[0028] Although a packet 5 1 and a packet 52 are received during the time t4-t5 and it is written in a 
receive buffer 35, the received packet is transmitted to a data buffer 37 from this standby buffer 36 by 
the cycle-timer output which shifts to the aforementioned standby buffer 36 and shows criteria timing 
with the aforementioned cycle-start signal. That is, a packet 5 1 is stored in a receive buffer 35 after time 
t4, and this packet 51 is stored in the standby buffer 36 by the cycle-start signal showing the start of the 
following transmission cycle. The packet 52 transmitted in the transmission cycle started by this cycle- 
start signal is stored in the receive buffer 35. When time t5 comes, the packet 51 stored in the 
aforementioned standby buffer 36 will be written in a data buffer 51 by the cycle-timer output 
concemed, and as mentioned above, it will reappear on a time-axis in the data use circuit 38. Moreover, 
the packet 35 stored in the aforementioned receive buffer 35 will be transmitted to the aforementioned 
standby buffer 36 according to the cycle-start signal which shows the start of the following transmission 
cycle, will be written in the aforementioned data buffer 37 at time t6, and it will reappear to exact timing 
during the time t6-t7. 

[0029] Thus, it becomes possible to reproduce original data to exact timing only by using the time stump 
data only showing the time lag from the cycle-timer time in each criteria cycle with little number of bits. 

[0030] The ftinction of each fimctional block explained above is realizable with software. Drawing 6 is 
die flow chart of the processing in the transmitting side and receiving side for realizing such a function. 
In this drawing, (a) shows the processing in a transmitting side and (b) shows the processing in a 
receiving side. In a transmitting side. Step S 10 is the aforementioned data generation processing. This 
processing is processing which generates the data packet which realizes the same function as the 
aforementioned data generation circuit, and gave die time stump corresponding to the head value by 
considering the original data which should be transmitted as an input. 

[0031] Step S12 is cycle-timer interrupt processing performed when cycle-timer interruption which 
shows the 1st timing of the above occurs, the data in a data buffer are added to a standby buffer, and 
processing eliminated from a data buffer is performed. Step S14 is cycle-start interrupt processing 
started by cycle-start interruption generated when the aforementioned cycle-start packet is received, and 
processing which takes out the oldest data in a standby buffer to a transmission buffer is performed in 
this processing. 

[0032] (b) shows processing of a receiving side. Step S20 is data receive-interrupt processing generated 
when the packet on a network is received, and in this processing, when received data are data required 
for a local station, it records the packet on a receive buffer. Step S21 is processing started by cycle-start 
interruption generated when the aforementioned cycle-start packet is received, and is processing which 
adds the aforementioned packet recorded in the receive buffer in a standby buffer, and eliminates the 
packet from a receive buffer. Step S24 is processing started by the aforementioned cycle-timer 
interruption, and is processing which moves the oldest data in a standby buffer to a data buffer. 
[0033] In addition, although the case where an IEEE 1394 high-speed serial bus system is used above has 
been explained, this invention can be applied like the network system which is supporting the same 
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isochronous transfer, without being restricted to this. Moreover, the number of bits of the 
aforementioned time stump can also be arbitrarily determined according to the time precision demanded. 
Furthermore, the data transmitted should just flow in time [ not only musical sound etc. but for example, 
picture (animation) data, data points other than musical sound, etc. ]. 
[0034] 

[Effect of the Invention] As explained above, according to this invention, the number of bits of a time 
stump can be lessened and a transmission efficiency can be raised. 



[Translation done.] 
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(;^^40. 7 n s e c) ^3 0 7 2 ^rfei: LTff-i^ 
L. ^COJbacO 1 3 t^'-y h(C J: *9 sufSS KH z <7)£l:^f* 
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[0 0 0 61 r-r y^t2'j-y^y<^y h i o 2«i, v'ty^ 

0 3\tmt^r4 y^ti'r:^y<^y h l O 2CO^i^;5^^T 
[0 0 0 7] :itlb«-ffi(75^.:x N!7 — ^^flJ^L 

^-t^^tti^^nt^iXX^^^^o 20 
[0 0 0 8] 

tc^^lSsi- ^Zt7^^^X^^h<DX^j:\tth^-£f^^fj:\^ \ 

m-r^tiib. ^^j>^>^^>'zf[z.x^xmm^^^mi^n 
mmm7{zmLxmmi.tim^\ziis\,^x\t. 3 2\i^^yh 

[0 0 0 9] ^btc. mi^<DXo^J:^^ ^y^^^z/^H 
A>^>5'>:/^t^(7)i||mT^•-^(c^-r 
<D\fyvm*^±^<^::^xi.i^\.\ v'—'^^m^mtm 

[0 0 10] ^^x^^m^^. "f—^xz^^Ky^^iy-zr 

[0 0 1 I 1 



1 <n^>{ ^ >'yin^/)>b(r>m^7^'f-^ t\^x^t>^Mz 
^4 %^y^\%%\zm\:.X^^^k\.h'^2<J:>^^ ^>^m 

yyTi.zm^^^. Hijism2co^-f ^>^'^s■^^cs^v^ 

[0 0 1 2] ^fc. iJ'Sriti^^fi, —So 

i^'-Y ^ >^^m-^tc:i:iCT^^^tx6m2c7)^'r ^ v^it 

L. mm^^^y h'7 — ^y}-h§:mLfzmt^v'—^^mmm 
2<D^^ ^ >^i/it#t-^^V^-CtuiaF I FOy<^yyT\Z 

m^ih^. m^^\(D9^ ^i^'^m^\zm^\^^xm^F 

[0013] ^biZ^tz. ^^m(Dy'—d^m^i^^y'M. 

mm^m-r^mi <d^^ ^ i^^^m^-^zmcx^^^n^ 
—^(Dm^^f)mm^ti^f'~'^mmi^^'rJ^xhr:>x. 

FOy<yyr\Z^^yh^. m^m 2 <D^ ^ % > ^{m^^z 
^-^l^rtufaHlOF I FO^^^yyTt^hmU^^T'- 

^^^^\^\^X^-^y VV-^ ±.^zmm\^. mj|S7=^-^S 

y VU-^±,\zmm^infzr'-^^^2<DF I FO^<-y 

ift ±{ciiim-r 5 1> o T' a o 

[0 0 14] 

[^0>^(7)^te6Off^^J H 1 fl;^^0^<7)7^-^|5i^v';^7^ 
J>s<Dmf^<D-'m^7V^'ryx:iy^mX^^o ^(nm\ZlrS\^^ 

Ac. 1 1 1 3{lC<7)^.:x h!7 — >7 I OtCig^^tlTt.^ 

5#y- K<n— 0ij-e^*?. 1 2{iB#rBi$iii±r*^j|.-f 5:: 

tt^-'i;^^mt^h.^^if.nf~-^^^mt'r^m{tW}X^ 

/i. 1 3(lHuiES#^?']T='-^^Sfti-S§:m^T*^'9, 
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[0 0 15] HI 2 11. iiiiS^y— K 1 1-1 StOF^^t^ 

(CPU) . 2 2\'tm'^'y^^=7 h.'^^mf—'^t^^Wi 
^m^^ ^^^im^^^^-t^i^^^. 26ti 

V-^y^c — ^[h]S§. 2 7JiF^^/<^T'fe5o ^fc. 2 5 
2T*^D6^#{ix-i5^^^lHlKi:$n. ^^t^lS-e^b 
[0016] [13 liMISiUft^ 1 2 ct 1 3 20 

-eibSo 1113(7) (a) timflSil^ft^ 1 2(7?^«g^^-ry^ 

^v^^Xh^o ':L(r:>m\^^^^X^ 3 UIt^'— 

^-efo «9 . 1 2 5 M s e c (Dm^'^mWinm^. 

i/h^^^-r^o 3 2Jiafiia7^-^^^^lHlSS3 l{c:J:f9 

3 ZX-tm^f—^^^yyr 3 2tct§-^^nfc>'^^-y 30 

^n^F I FO (First In First Out) mf^(On^^<v 

^ fV^^-Y^^'^y V ^gff-r^ r <h J: «9 ^^^^^ 
i^/u;^^- hfi-^{c:^c::i:rHfrl2t^M/<y:7r 3 375^ 

[00l7][il3co (b) JifilSSft^fT^^n^yD 

SmLI^^?*l-r6S:it>'<'y^r > 3 6 (tRiftSgfa-'^ ^ r 
3 5^c^&i^^^^i^7t/^>^.y vtm^-ir^ <7 f\yys^— hft^ 

tCfc^CTS^^iZ^^n^F I FO^IIfife£0^^^/<';/:7r . 3 

1 y y r 3 6p^co/N'^«y h^flulSUl <7:)^ 

7^— 3 SftHuiaT^'— y'r 3 Ttct&jjsrt 



6 

[0 0 18] ::(7)j:9(c. il6^talj^c^ov^r^i. ^ico^j^ 

[0 0 19] lll4t^^C0x — ^^^iElS§3 1 tCjoV^X^ 

;«^iX'5illit/'^^^/ h^lJi0>^-r^/b46coli!T**>^o 1114 
O (a) f:iigfa$n57=^-i?Srf5i^-r5fc4?>(DllIT**> 

y^^i/relP^ts {:l<0'^^\:l\^^ ts = 25 (=125 

/5) M s e c) r*i^^^:/y >i/Lr#e>ixfc5o(Di^ 

W^-^ x^-'ot^mt^^^y—^ b^^X\^^^ -co 
mi#@oif>'^y >-^7^-i$^ uimjismico^^r 

[0 0 2 0] ^fc. r^7)^<;^'>;^7^A{;l^^v^T^lv'^f" 
ACOSii^ci .y^j^^^$ = 2 4. 5 7 6MHz (i^n 

y^mm=4o. 7ns) ^$n-c*5«?. tfiiaismi^ 

^^/U(l25/zsec) J^tT^S^ralffig^tfjlBi^ n 
LTO-S 0 7 1 ^d-z^tcj: i9^-r::i:;55T'#5o 

[0 0 2 1 ] ^rx\ ;*:^p^{>l^ol^-c^i. sfiis^-ri^;^ 

y 1 ^^t^sm1^^ i^/n^<DB^rBiffii: t ^tnia 

t\^xmm\^. ^c7)^^li01^>-:7'y >^^7^— 2~5(co 
v^rti, mffs^KT^i^vT^y l;!)^e>1^>'>^y 

[0 0 2 2] C(/)J: — ^^illfa-r6/'c&:)0^<^^/ 

hot^^^lll4co (b) (c^-To r<7)|ii{c:^-rcl:9{c. 

-f. ^v^-c. ^i-m5(7)^if v:/y >^ffi7)s^^^n 

rti/S^nrv^^o BfiiiStfcct^t-, 
^ D ^^{^J: '9^L7c:t3 0':>r\ 0 3 0 7 1 (^ffi^ i: 
[0 0 2 3] )km<r>f:L>h\^. m^'^m^¥^^^X\i^t^^ 

^ M.:^^ i^y(Dmf^^^4(D (c) {z^^, zcnm^iz 

(b) tC7j^Ufc^^0>^(7V<^:y h ,hfHl^(Ci$'^ 
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(b) ^C7^:Lfc*^P>^^Oy^>^^5/ hct 2 0 t'u/ h:S:l^ 
10 0 2 4] hl7->? t/7;f^A{Cjo 

v>rti^i (T^^-Y ^ >^i,zjt^\:.x^f^^titzmiBv'—^ 
[0 0 2 5] m5(D^^ M.^^-h^^mi^x. :^mm 

<Dy^—^^mi^:^y'^(oW}m:ir^^^xmmT^o :i<^m 
h 5 1 ^^n. X— ^^^y^^r 3 2{cfe^3i^^H^o 

7^— :^x<-/>^r 5 1 tC*&^$iXfc>''?'5r:y h 5 1 ^^J 
t 2^c^^^$i^51^^^/^^^-^fcB:^^ci^9. mjISF I 

[0 0 2 6] *fc. B#^J t 2 75^^ t 3<Dmm<D^^'f-'^ 

{cMm^^y<^y h 5 2 iymmi^^^f^^^Xy"—^ y< 

7t 3 StCt^^^n-So w<758#^J t 3tC*>V>TJitifaiL 

V^<Or% iuiatf^/^ y :7 r 3 3tC(i, fl^J|^>'^'<^^:y h 5 1 
t^<^^y h5 2ti^^m^inX\^^^o :i^T% ^7F-r6<t 

tufS0#^J t 3 7!)><b^>Lianr^i*i:^-f ^/U;5^r^^^ 

>'<y:7r 3 3 7!)-^Hufa/'?'^y h 5 ir-m^miBy<yyT 
3 4{c^iJ^^ix6o r(7:)il|{t^-<y :7r 3 4f^{c^&^^tL 

v^>/Mc^;£;-r60#^J(c^.y VV — ^ 1 OJitcStB 

(0 0 2 7] ll];T^(7)J^'a'iCioi/^Tft. C (7)^iJ|i^-Y i?^ /U 
^ >^^H#^J t 4 J: ^9 ^^^{c/^oT^/^5o 'cot^. :i<7) 

^^^:y V\%^n t 4 ct ^9 f^tC^ff y :7 r 3 5 



m)ISt^1t^<y:7r 3 375>^H^^IS^^^'y h 5 2 

(0 0 2 81 ^^J t 4-- t ^(r>m^\Z.y<^y V 5 1 

V 5 2 ^7)^gft^n^ft^<y:7r 3 5{::S#iZ<*ix 

6f}-c^y'—^y<yy7 3 7{zm^^ii^o -r^j^i^^. ^ 

m t 4(Dm^y<^y h 5 1 ;6>§:ft-/<y:7r 3 5{c:t&)^^ 

Wi^<^ y h 5 1 (ift(7)^jgi^>r i^^/^cor^^fe^^-r-^- 
^ ^/u:^<^-hm^-^^x^ . nm^<yyr 3 6{mm^ 

r 3 stcl^^^nrv^So ^^J t 5tc/^6^^^i^-<i^ 
20 /u^-r-rti3:^{cj: 19 , Hfj|S#^>^<'y :7r 3 6 (c:fe^i^^ix 

♦&^$nTV^7t. /'^'^r^. h 3 Sfi-ecoiJfciT^eillf-'r ^^^' 
r 3 7 {cm^T2-^ilX. t 6 - t 7 (OWFaltCiElit^'^ 

10 0 2 9] COJ;5t-LT. ^Stpf-^f^/H^oi^^ 

[0 0 3 0] \>XJ^Wm\^fz^m^'y^y'7<Dmm^yy 
V^^r\zX,^Xhn^-r^:Lht^x^^. 1116(1. ^ 

(a) ammimz.^^'^^^m^^L. (b) nsmmiKc 

[003 1] :^r-yys I 2 (IruIS^ \ (D^^ x 

^ ^-^Wl^^MX^^ . ir—'9^<-yyrt\(r>=f— 
^^rf^^/<y >^r(-ii;^PL. y :7 r ;:>^^m^-r 

-5^^0^^J^^f t:>n6o ^^•T'-y :7*s 1 4^ifl^^|^i^-r ij'/u;^^ 
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[0 0 3 2] (b) (i^{t^RiJO^S^^LT4o*9 . 
^$t^51^'^^/^;^^?'- hf'!3Z:^c J: «9 r^^^^tL^^^T- 
[0 0 3 3] i^i:{CioV>T{i. I E E E 1 3 9 4 

i^i^ y r /w^ ^ ;^ ^ A ^ ffl V > /'c:^'^ic o V ^ ris^p.^ L 

[0 0 3 4] 



11, 12 13 









(ex. Sfi«sa ) 




(ex. 5^-^ ) 















1 0 



[gi 1 1 :^^m(Dy'-^^m'y:^Ti>.<om^^fr^'rm 

[112] *^P>^cD7'-i5^«s^v':^7^A{cjott6#^0 
[^^^<OU^P^] 

10 ;^5'M7-^. 11 12 mnm. 1 

3 Sft^. 2 1 CPU. 2 2 ROM, 2 3 RA 
M. 2 4 ^-^-^^ 2 5 y'—^mm/^^m^. 2 6 

4^-;/ h!7 — ^^>'^5':7:c — J^lHlSS. 2 7 r^|fi5/<X, 
3 1 f—'^^J^m^. 3 2. 3 7 T^'-^^^-y^T. 
3 3. 3 6 ^^/''J yyr. 34 igft-''^ > :7 r . 35 

^m^^y^T. 3 8 t'— ^fijffileli^. 5 1. 5 2. 
1 0 2T^ )/ i^U'j->^y<^^y 101 •t^-r^5'y^^^ 
-h^-^^^/h. 103 i^mm^<^yV. 104 jg]^ 

[{112} 
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